, and hook proteins are detected in the cell. The appearance of these proteins is followed by completion of hook-basal bodies and coincides with
followed by the appearance of complete flagellar filaflgM (Table 1B) and flgN (Table 1C) , whereas the flgA gene is transcribed only as a class 2 gene (Table 1A) . ments and cells exhibiting swimming behavior.
In this paper, we demonstrate that the translation of Typical of class 2 and 3 genes, expression of flgA, flgM, and flgN was dependent on the master operon, the FlgM protein is coupled to its secretion from the cell. We establish that FlgM's chaperone, FlgN, regulates flhDC. Cells with a deletion of the flhDC operon expressed all three genes at 1% of the normal level (Table  translation of (Table  1A , strain TH4615), but resulted in a 5-fold reduction in both flgM (Table 1B , strain TH2554) and flgN (Table 1C , strain TH4620) gene expression. Deletion of the class 2 promoter upstream of flgA eliminated flgA gene expression (Table 1A, (Table 1B, strain TH2563 and Table 1C, strains exhibiting more than a 10-fold increase in fliCFor example, the gene encoding the anti-sigma factor lac expression in both the ⌬flgG-L (Table 2 , compare SpoIIAB in B. subtilis is followed by the gene encoding TH2430 to TH4625) and the ⌬flhAB mutant backgrounds its inhibitor, the anti anti-sigma factor SpoIIAC (Kalman (Table 2, . Thus, chaperones assist in protein self-assembly by preventing alternative folding paththe secreted substrates. Chaperones were thought to prevent internal degradation of the secretion substrate ways that lead to nonfunctional structures. Until now, the experimental definition of a secretion chaperone was and to deliver that protein to the secretion apparatus. The work described here suggests that type III systems (1) a protein that interacts with a secretion substrate, (2) a protein predicted to contain a C-terminal amphipathic couple translation to secretion from the cell by a mechanism that requires three essential protein components helix, and (3) a protein whose absence from the cell reduces the intra and extracellular level of secretion ( Figure 6A ). Requirements are (1) a secretion channel substrate by making the substrate prone to proteolytic degradation and/or blocking its secretion (Hueck, 1998).
We propose that at least a subset of the secretion chaperones serve as substrate-specific translational regulatory proteins (Figure 6 ). This does not exclude the possibility that the secretion chaperone can also facilitate secretion of proteins it does not regulate at the level of translation. Often, a protein is defined as a secretion chaperone because it has been shown to bind the secretion substrate directly and because cells exhibit a reduction or absence of the cognate secretion substrate when the putative chaperone is removed (Hueck, 1998). There are examples of increased turnover of secretion substrates in the absence of the putative chaperone. Salmonella SptP turns over more rapidly in the absence of SicP (Fu and Galan, 1998). Yersinia YopE turns over at a slightly increased rate in the absence of YerA, although in the absence of both YerA and secretion capability, no YopE protein is present (Frithz-Lindsten et al., 1995).
In a few cases, little or no cognate secretion substrate could be detected in the absence of the putative chaperone, but the detectable substrate was stable. This is true for the Shigella IpgC chaperone and its secretion substrate, IpaB (Menard et al., 1994) , and for the Salmonella SicA chaperone and its secretion substrates, SipB and SipC (Tucker and Galan, 2000) . There is evidence that IpgC affects the translation of ipaB. When IpaB is expressed from the lac promoter, IpaB is produced in greater abundance in the absence of IpgC and it is stable (Menard et al., 1994) . This is consistent with translational control of IpgC on the 5Ј-untranslated region (UTR) of ipaB that is lost when the 5Ј-UTR is replaced by lac 5Ј-UTR sequences. The finding that little or no secretion substrate is present in the absence of many secretion substrate chaperones is consistent with results presented here. In pulse-chase experiments there is little secretion-substrate protein at the zero minute time point in the absence of the cognate chaperone because little or no protein secretion-substrate protein had been translated.
The FlgN Secretion Chaperone Is Also a Translational Regulator
In this study, we examined the effect of a secretion chaperone, FlgN, on a secretion-substrate protein, FlgM. FlgM is an ideal protein for this study because it is translated from both an FlgN-independent class 2 mRNA transcript and an FlgN-dependent class 3 mRNA transcript. Prior to HBB completion, FlgM is required in the cytoplasm to inhibit 28 -dependent transcription 
